Atenolol ion selective electrodes were constructed. This construction was based on drug complex formation with phosphomolybdic acid as ionophor and plasticizer, Di-butylphthalate (DBPH), Tri-butylphosphate (TBP), O-nitrophenyloctylether (ONPOE) and Di-octyl phthalate (DOP) in PVC matrix membrane.
Introduction
The ion-selective method are widely used for pharmaceutical analysis with advantages of determining sample directly, rapidly and simply. Liquid membrane ion-selective electrodes (ISE) in particular have much importance for the analysis of pharmaceutical products. The relatively low cost, high simplicity, selectivity and low analysis time are advantages of using ISE compared with tedious procedures suggested in the pharmacopeias [1] .
Atenolol (Fig.(1) ) (RS)-4-(2-hydroxy-3-isopropylaminopropoxy) phenylacetamide, C 14 H 22 N 2 O 3 , is a cardio selective β-blocker. It is reported to lack intrinsic sympathomimetic activity and membrane-stabilising properties. It may be used alone or concomitantly with other antihypertensive agents including thiazide-type diuretics, hydralazine, prazosin and β-methyldopa [2] . Several analytical methods have been reported for the determination of atenolol in pharmaceutical formulations. The United States Pharmacopeia (2003) describes a method that uses high performance liquid chromatography (HPLC) with UV detection for assay of atenolol tablets [3] .
The method recommended by British Pharmacopoeia (2001) involves UV spectrophotometry [4] . In Brazilian Pharmacopeia, however, a method for assay of atenolol was not found. Other methods reported in the literature for the determination of atenolol in pharmaceutical formulations include visible spectrophotometry [5] , UV derivative spectrophotometry [6] , HPLC [7] , high performed thin layer chromatography [8] , potentiometry [9] , capillary electrophoresis [10] , and voltametry [11] .
Ion-selective electrodes play an important role in pharmaceutical analysis [12] due to their simplicity, rapidity and accuracy. Ion selective electrodes for amines and amiloride were prepared using phosphomolybdic acid ionophore and various plasticizers: (DBPH), (TBP), (NPOE) and (DOPP). The response characteristics of these electrodes, including slope of the calibration plot, the corresponding concentration range, detection limit, response time, lifetime, pH effect, and the selectivity were studied [13] . Determination of a Novel Phenylpiperazine Antidepressant and Nefazodone [14] . Promethazine-selective PVC membrane electrodes based on ion pair compound (complex) of PMH-PT and (DBP,TBP,ONPOE,DBPH) as plasticizers were constructed and used as a method for potentiometric determination [15] . Amoxicillin trihydrate and cephalexin monohydrate ion selective electrodes were constructed [16] . Several indium ion selective electrodes were constructed based on 15-crown-5 (15C5), dicyclohexano-18-crown-6 (DCH 18 C 6 ) and dibenzo-24-crown-8 (DB 24 C 8 ) as sensors and di-octyl phenyl phosphonate (DOPP), di-butyl phthalate (DBPH), tri-butyl phosphate (DBP), tri-n-amyl phosphate (TAP) and bis (2-ethyl hexyl) phosphate (BEHP) as plasticizers in a PVC matrix membrane. Electrode parameters, pH effect and interferences were also studied [17] . In the present study, we constructed and characterized several electrodes for the potentiometric determination of atenolol. The membranes consisted of atenololphosphomolybdic acid as an active material with different plasticizers. The electrode parameters were investigated via potentiometric measurements including direct, standard addition and titration methods.
Experimental Part Equipment
An expandable ion analyzer (WTW model, Germany), a pH meter (WTW model pH 720, Germany), and a saturated calomel electrode (Gallenkamp, USA) were used in this work.
Reagents and Solutions
Atenolo standard was a gift from the State Company of Drug Industries and Medical Appliances (Samara IRAQ-SDI). Novaten tablet, 100 mg atenolol (Ajanta Pharma, India) was obtained from local pharmacies.
Di-n-butyl phosphate 98.9% (DBP), tri-nbutyl phosphate 97% (TBP), o-nitrio phenyloctyl ether 98% (ONPOE), and di-nbutyl phthalate 99% (DBPH) were obtained from Fluka AG, Switzerland. Stock solutions of 0.1 M for each of LiCl, KCl, CaCl 2 , MgCl 2 , FeCl 3 and AlCl 3 were prepared. More diluted solutions were prepared by subsequent dilution of the stock solutions. A Standard solution of 0.1 M atenolol was prepared by dissolving 1.3315 g of standard atenolol in a small amount of ethanol and the volume was made up to 50 mL with deionized water.
Preparation of ion-pair compound
A-PMA ion-pair was prepared by mixing 50 mL of 0.01 M atenolo with 50 mL of 0.01 M phosphomolybdic acid with stirring. The resultant precipitate was filtered, washed with water, and dried at 60 •C.
Casting the membrane
Atenolol matrix was immobilized into the PVC matrix membrane as described by Moody et al. [18] . A 0.040 g (A-PMA) matrix was mixed with 0.36 g of plasticizer and 0.17g of PVC powder, after that 7.0 mL of THF was added with stirring until the formation of viscous solution. The above solution poured into a glass casting ring (30 mm length and 35 mm in diameter) resting on a glass plate, and a pad of filter was placed on top of the glass. The solvent was then allowed to evaporate at room temperature over about 2 days.
Results and Discussion
Respnse characteristics of prepared atenolol are summarized in Table (1) . performances of electrodes prepared using an ion-pair complex as an electractive material and different plasticizers were compared experimentally. Atenolol-phosphomolybdate is a stable ion-pair complex which is water insoluble but readily soluble in an organic solvent such as tetrahydrofuran (THF). The obtained complex was incorporated into a PVC membrane with the following plasticizers: di-octyl phthalate (membrane I), tri-n-butyl phosphate (membrane II), o-nitro phenyl octyl ether (membrane III), and di-n-butyl phthalate (membrane IV).The low slope value obtained for membrane( II )may be attributed to the plasticizers used (TBP) which contained long alkyl group connected to phosphate groups, this may decreased the ion-exchange process between the electro-active compound (AT-PMA) and the external solution of atenolol, or may be attributed to the steric factor of the plasticizers (TBP) which decreased the bond strength with the electroactive compound. The non-Nernstian slope behaviors for membrane (III) could be attributed to the low viscosity of ONPOE (11.44 cST) and lead to leaching of the complex from the membrane to the external pair complex (AT-PMA) in membrane and the external solution of atenolol. Near Nernstian slopes were obtained for the electrodes based on DOPH and DBPH (membranes I and IV). A typical calibration plot for electrodes I and IV are shown in Fig.(2) . Electrode parameters for DOPH as a plasticizer gave a good response that may be due to attributed to the compatibility of the plasticizer used to the electro-active compound from both structure and composition. Also Electrode parameters for DBPH as a plasticizer gave a good response that may be attributed to the compatibility of the plasticizer which was used to the electro active compound from both structure and coosition, also may be due to high viscosity ≈ 82CST, The electrode had good stability and was used for the quantitative determination of pharmaceutical drugs.
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Effect of pH:
The effect of pH on the electrode potentials for Atenolol selective membrane electrodes was examined by measuring the e.m.f. of the cell in Atenolol solutions at three different concentration (10 4 , 10 3 , 10 2 ) M in which the pH measured from 1.0-11.5. The pH was adjusted by introducing few drops of ammonia and hydrochloric acid solution and the results are listed in Table ( 2). A typical plot for the pH effect on atenolol electrodes based on DBPH plasticizer is shown in Fig.(3) . 
Response Time
Response time is define as the time needed for the electrode to reach stable potential within ±1 mV of the final equilibrium value [19] (1 -zA/ zB) log aA EA and EB, zA and zB, aA and aB are the potentials, charge numbers and activities for the primary and interfering ions, respectively, at aA = aB. The values of the selectivity coefficient for the electrode based on DBPH and TBP plasticizers for some inorganic cations are listed in Table ( 3) and (4). The results in Tables (3) and (4) showed that the selectivity coefficients for monovalent interfering ions is in the order mono> di> trivalent. This may be attributed to the difference in ionic size, mobility and permeability.
A typical plot is shown in Fig.(4) for the interference of Al +3 on the DBPH electrode.
Selectivity of(Atenolol+PMA+DBPH)for Al+3 
Sample Analyses:
The concentrations of a synthetic solutions of Atenolol were determined using an electrode based on DBPH plasticizer. Four potentiometric techniques were used for the determination of Atenolol namely direct, standard addition (SAM), multiple standard addition (MSA) and titration methods [21] . The relative error RE% and relative standard deviation RSD% were calculate for each method using an electrode based on DBPH and TBP electrodes. The % RSD, % RC, and % RE were calculated and are listed in Table (5) . The plot of antilog E/S versus the volume of the five addition for 0.1 mL of 1×10 -1 M standard Atenolol solution to the 1×10 -4 M Atenolol is shown in Fig.(5) . Gran plot paper with 10% volume correction was used. The results in Table (1) and (5) showed that the electrodes based on DOBH and DBPH as plasticizers were the best electrodes. The direct potentiometric method was applied for the determination of atenolol in pharmaceutical tablet (Novaten) as listed in Table ( 6) using the electrode based on membrane (I) and (IV). The average recovery for atenolol determination in tablets was around 98.5% with a standard deviation of about 0.1, based on an average of three measurements for each sample. Table ( 
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